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ALD H o v ^°fl ^r^^-i- ^*Rr Hi ^.31 ^ a ^ -NC071 

igcfl/^ ^JLa> sfJ-^-i-S. *fll «H"§-# 7l^ 0 Hl ^-g-^aj #7] 

£ 1 

ALD, ^}fS£c]|^, xy^vjr 
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1020030012324 2003/4/18 

°l-g-*r ^3-^ ^>s}-^ ^ {Method for forming silicon 
dioxide layer using siloxane compound} 
iSL&e) tV^V ^] 

£ 2^ «>^* ^HH -M^€- ^ "o^H ALD ^ 

-£ 3-^ «r^2]tr ^*HH ^ «<HHH ALD ^ 

£ 4^r l^S] Cf^ y>^-Z]tl; ^AHlofl Aj^S AV^J-nT- ^ w 0 V^oi]a^ ALD 

ALD l ^aj- A>o]^ofl ^-g-s]^ zV ^ cv^jofl n}^ <y-^ ^^.s. uJ-Bj-vfl ZL2fl = 
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ALD -^^^ i ^ A>ol§ofl ^-g-s]^ z]- ^ t£t))o\] 14= ov^ q.^ufl zxeflH. 

£ 8£r ^ofl 4^ H^ofi s^H ^£ ^^sl FTIR (Fourier 

Transfer Infrared Spectrometer) i^S^-g- ^efl 7l#o)l irf^- wJ-^Hl 

£ 9tt <4€- y o^°11 cV#tr ^ ^ri^Hl^i ^Ys\- 

7)^^ HVnvo tg^j.^ « o v^oii ^tr ^1 ALD (atomic layer 

deposition) 7l^ofl ^S)-^ ^*Rr y o v lHl ^tr 

v}°]3.S.'±mE-£-H^ (microelectronics) *}°}^7} tcfe}- tiV£^l 

^>1- T 2 -^ *riir ^711 Jl^ H^H^l^E^ TllolH #3^, -B"^ ^-ofl ^-g-^^r 
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-f-A o v^o] lay^ ^} ^ ^6\] °X°]*], 1 CVD (thermal 

chemical vapor depositon), LPCVD (low pressure CVD), PECVD (plasma-enhanced CVD) 
^4 ^ « o v^ofl slsH ;g-f 7 > rfl^ojcf. zl ^, ^ CVD ^-8: ^Hrtr ^ 

E ^ ^tH^^ll- ^1)^1^ ±L-£- #^°] oicf. pecvd «o v ^^r ^-^H ^ 

^£ tlHH 4-44 #3-4 ^cHl tHH 3 

-8-4 <H #4. ^4, ^>7> JL^Sr^l 44 CVD ^*<H4 *3 £513. 

o]^H o)7l£)^ ^ *fl\l Jl4 (short channel effect )7|- ^ 0.3. c^sH ^5} 

<+5}-4 ^4 7]^7\ SL^-^\JL &4. SEtr, ^£^1 i*}* ^^Rr 
^\7\ n^^) 44 6 >7l£]^ ^ 71434 ^ ^Bl S ^ jL3f (pattern loading 
effect HI 4*M 33 c-1 ^ -g-^^oi cfl^-sljL &4. 444, 4* -£-^1-^ 711*1 

A oM4 ^ ^fl^l"* 7^^\7] 44<^ ALD «<^# °l-8-*H ^4€- ^4-8- ^ 
^*Kr H o v ^°l *H°i4&4. ^ # tflS^<y <i3.4, SiCl 4 ^ H 2 0# 4-§-4<*] ALD # 
«H1 si^l-ol #S}-4^- ^*Hr p1^^ ^4 *)16 ,090 ,442 Je. ofl 711444 

$U4. ^4, ^"71 s^oll^oi wj-^0,1 al D ! s^v a>c]^-^- ^| ^] * 

Si0 2 ^HfKmonolayerHl^ sflsg ^(packing density)7> f>4 #5L7> 

c fl-r- ^34 &S.*$ 4i7> ^fls ^^H14 j9_^£l^ i-f-^C throughput) JS.?i^- ^47] 
4 *^4- SEth SiCl 4 xr I7fl4 Si^" 47fl2l Si-Cl ^-g- 7>4fe fSS^l 4£r ^4 

*8*Rr ^-M^r Si-Cl ^tr-t°l H 2 04 #-§-4^ 0-H ^-8- ^4*J 4 
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^ vflofl o-H Q^*\7\] 5)51, °}S. oi*H ^-^o] AV^-nvo. 

3. SI 71 ^cf. 

£ #7^ ^ #Hfl 7]^oflA^ 3fl^a>J7^ ^ 

*hi ^ v n D-S^ ^^-i- ^ -i^-e- -a-^ ^ «o v ^* XI 

^ofl-M^ ^g.® Q± -NC0715. ^^-a> ol^-ol^^ i ti>-g-#* 

7l#4M *#«H ^>7l *|U s^-^^ (chemisorbed layer)* ^^=r. ^ 

*r, 0 ^ HI- ^*Rr X|2 ^"71 j^**}-^ o^ofl m<s}o} Aj-7] aj^^f^ 

A oM XU *}-§--§- ^ Si n 0t-iX2n+2 C^^, n^r 2 - 5^ ^^l^L, X ^ F, CI, Br, I, 
S^r NC0)S &A)5\±r °)1=. *Kf^ ol-o^^ - ojrf. w^^Tflfe, #7l X|l 

^ ^ -NCOS. E^*teh2.3. o] e.<^^lcf . s.*] h].^^].^^ 

, A o v 7) XU Si 2 0Cl 6 , Si 2 0Br 6 £^ Si 2 0(NC0) 6 S. # 7 | ^ 2 

£ H 2 0 £^ H 2 0 2 S ^1^^ ^ SM. 
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A oM ^Vl-^ ^71^71 7 >>i# Af-g-^H B^Kr ^ , 

<18> .g. ^1 o^gflojl Aj-^-nl- ^ «^oflA^ ^*}i=. Si02 n]- 

°1 A o V 7l SiO^-g: ol^SHr C-l ^ ojcf. ^-71 o^*g o. <g 

<19> a^V, #7) S.^^- ^s> 7 ) igV^cq ^ 2 oJ:Bfl6)] 4H AV^nV ^ 

^ iJ-'SHH^r iJH 71^ S^cf. Si n 0 n - 1 X 2n+2 (^#, n£: 2 - 5^ ^^o}JL, 

X^r F, CI, Br, I, 3=fe NC0)S ^|S]r ^^K> 3^#S o^o^fe. *m ^#-g- o> 

n] #nfl5q- ^1 ^-7] 7} ##6fl *-§-«H #7] 1 ^^V^g- # 

71 *«*H ifl<*H A 0 V 7 j ^! tiV-g-^o^ hVo. tLAV-.o. ^^^-cf. 0 ^ HI- «"fr*|-fe ^2 tiV 
-§-1-^- o^J ^nflS]- #71 5}-^^ $H ^-7) ^^ofl Si0 2 ^# 

< 20 > ^oil s]*}^, ALD «o v ^°fl ^-sj- 1 ^* cfl <&o]*\ Si 4i 

"<HH1 ^^^1 ^^K> Sf^-l- €^fl*Kr Si-O-Sis] 7^ 

£th ALD -^^^ i ^3]- 4olf n>cf 2711 51 Si0 2 ^r°a#ol ^^l£i ^ ^S. 
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<23> £ if ^s*}^, cq-^ ^bJ# ^ «<HHH^ ^ «>^1 ^ 

*}« ^ ^ ^ xflofl S.^*lcf (^711 10). ZL ^, #7l ^ 

Lfloll ol-g-§>^ #7] -££7)- ^3e1^ jj.nl- ^ ofl ^ ^ ^ 

^ 9= 25 ~ 500 -8r5L5. oflltr*} (^Tfl 20). °] nfl , 71^3] ofl 

1-^ A oM ^tH^E^ tifl7l<4 -^Alofl ojHojxl^, ^7] ofl<g #711^ <^1* ^ 60 

<24> 4V7I 71^-oj ^ ^r5L^l ^5)^, ALD «o V ^°n ^71 7]^ofl *3 

^-^4 (#31 30). 

<25> i^M, ^7] 7}$r^°\] ^"5.^1 SE^ -NCOS. ^ft 

5- o]i=Lo^l^ afll «V-§-#2l- *fll 9| 71 ^nfl^. ^ ^-^H A oM 71 J&#ofl *fll 

-§-#S] ^-^^(chemisorbed layer)* <8^th=r (#31 32). 
<26> ^-71 *jU A>-g-§>7l 3^*1- Si n 0 n -iX 2n+ 2 n^r 2 - 5S] ^ 

o]Jl, X~ F, CI, Br, I, 5£^r NCOS ^ &i=t. <^1« 1"^, #7) *fll «V-g-#^ 

Si 2 0Cl 6 , Si 3 0 2 Cl 8 , Si 4 0 3 Clio ( Si 2 0Br 6 , Si 3 0 2 Br 8 , Si 4 0 3 Bri 0 , Si 2 0(NC0) 6 SE^ Si 3 0 2 

(NC0) 8 # *}&1Q: ^ 91^. 
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<27> yf^SMl^, *fll a>-§-l-8r ^r3.?f\ Q± -NCOS, ^-S*Hhfi.S 

olifLo^cK h>^^1^, ^-71 ^11 Si 2 0Cl 6 , Si 2 0Br 6 5£^r Si 2 0(NC0) 6 sL 

(pyridine: C 2 H 5 N) SE^ H^oil^^^ (trimethylamine: C3H9N)* ^r-§-W. 
<29> ^71 ^11 «h§-#sl a o v 7 ) ^ ^ f£f 25 ~ 500 °C , Ur^*}^ 

50 ~ 150rs ^H^t}. SLtK #7l ^11 av-g-l-^ 4>7l gtij vfl^ ^3 <y-^ 

* 0.1 ~ lOOtorr, Wr^*}^ 0.5 ~ 5torr5. -fM*m4. #7} *fll ^-§-1-^ ^g- 

<30> #71 ^1 HV-g-# ^ ^11 ^7l #nH^ ^7] ^^HH^ #7] 7)# 

^ -OH tiJr-g- Afole^ H <^ tiV-g-^-g- ^1^-71, ^ HL^r -NC0 

7 r ^-§-^^1 -tHacid)°l ^^31, ^sq. zy-o] <* 7 ] ^ nfl ^ ^ 

7^ ^^Ml °m **H, ^-71 ^11 a>-g-#^ Si-0-Si ^^-g- -fr*] 

tr ^3HH Si-0-Si £^ *>i4^ Si7> #7} 7]%^ -OH AfolHS] 0^ #-g~g- 

<3i> #7]Sf 7l^ 0 >ofl aV-g-^ sf-^^ol *fll ol-g- -*f 

<« ^7}2] #5}- til-g-ofl <^>o} ^-71 ^1 

^#(physisorbed layer) -^-t- (^Tfl 34). 

<32> o]^- $JS>a}, oVs^( Ar)3 ). -g-^ 7^^- Af-g-^^ S]Al ^ £^ 

#-§-#^ ^g-Ajcq ^S^t} ^ o^^H^ ti fl7l SE^, ^7l tV-g- -ijL 
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AV-o-g- afl 71*1-71 ^*H, #7} 2^x1 ^ ^ afl 7 l ^g-g- ^ 

^ 7fif A>-g-^ ^-g- « ^, Wfl7l ^ 

<33> 7H^*H, ^7} *U S}-^*^ o]o\) 0 ^ H» ^-fKVfe ^12 4 

(#31 36). 

<34> # 7 ) *fl2 #-§-1-5.^ 1"^ H 2 0 H 2 0 2 # ^ SU*}. ^"71 42 

<*7] #nflS.^ ^-71 4 1 ^71 ^Dll^- 1-^^- Aj-g-^- ^ olcf. 

<35> Aj- 7l ^ 2 #-§-#2] Aj- 7 J ^ ^o} ^ ^.g. Aj- 7l 

<36> ^2 ^ 7^12 <*7] ^nfl^ ^ofl ^ Aj- 7 ] 7l^MH^ #7] ^ 2 

#-§"§- 2] H21- ^ SE^ -NC07> #-§-SH ^J-ol ^sqj!, Aj- 7 ) ^ 2 tiV-g-^-2l Q ^ 

*fll ^-^3}-^^ S i7> tiV^-tbcl-. Aj- 7 )^ ^-ol ^Aj£ XJ.£. <X 7 }S>±2) #2)- 

H J-§-# 7^ ^ ^th=h ^ ^ , -*7l 71^:^1^ Aj-71 *fll ^0^0) 
Si-0-Si ^ ^r°H 4s} 4^7fl2l Si0 2 &<U^<>] *§^&^. <i» #71 afll 

^ ^^H+ ^ftt A>-g-t!- ^-f^m ^71 7)^o\] 271121 Si0 2 &°^°] ?§ 

<37> ZL Jf, Aj.7] ^2 aV-g-1-21 ti>-g- ^Ti^tf (#7^1 38). 

<38> ol^. $)f>}ol t #31 34C1H21- 4l>7HS, ^*1 «fl7l ^ , HL^r Sl^l ^ 

^ »ll7l ^-i: 9J^2l ^-g- ^ ^ ^icf. 
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A oM 7l^°ll €*Hr A>3^°1 «M*1 #31 32 tfl^l 

#7fl 38^ 3 7)^^H1 #3^°1 

A oM ^ tflofl ^^fb ^ >fl 71*1-71 ^71 ^ttlS-f-EiSl «fl7l * 

^ *l*h ^11" ^ ^ 90^ (^1 40). °1 nfl, #7l ifl^ 

7>i# ^<E>M ZL ^, ^7l ^Wl^Ei 4>7l 71^ ^S^^cf (^Tfl 50). 

A oM ^Sl^- ^3-Bj-Sl ^^l tfl^- ifl^ o. ^Al7l7l ^-71 ^el€" 

^ o]^^.t\. (cj-^l 60). ^-71 <H^^^ - 900 Q C5l * 760torr <>l*l-2l <$ 

«KMSMI*r 10" 9 ~ 760torr2l ^ 5 « o]is}°) x\# -^o> sgSfl^tl-. 

^^^^ 1 *]el, ^el, J2.^(0 3 ) f-Jr oi-g-t!: t}°<J=tb ^^fl^ 

4 s °JcK <M ^^^*>^ ^oflb 500 ~ 900"CS1 ^S^H n 2 , o 2 , H 2 , 

Ar, N 2 ^ 0 2 £} S^-, NH 3 7>^ £-^713. <I ^ ^cf. wj-^-a] *>7fl^ , ^7} 

1 ^51 oil ^^^^r 500 ~ 900 M ^£ ^ 10-9 - 760torr^l ^ 3MM N 2 

b 200 ~ 700 M ^rSLoflAi o 2 £b H 2 7>i<£] #2^}* 2-^ <£)tb 

<H^£: ^ ~ 700°C^ ^r£S ^ ^"71 ^^^-g- o} ^. <g ^ > §2}^ 

^el, ^ ^el AA £ 1^1 #31 30°1H ii^Rr ^l-^ ^ 

% ^tb ALD ^-Ej- 9j-Al^(in-situ)S ^€ ^ $14. °1 ^-f , c^ig « c v^ o. 

#e^n} ^el 5b ^ ^sl7> ^*1 tif^^cf. 

Si a>-§-^i=1-. Kl-^i , ALD ^^1 l ^ A>ol§ ^o> K i£ 
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*H*r ^^K> ^*fl*Rr Si-O-Si ^o\) nj-ej- ^7fl^ Si0 2 ^f^l 

<42> S. 2^" W>^tb ttj-S. A>2j.nV Bj-^ofl ojo^ ALD 

<43> £ 2§ , ^fll T^Tfl oil -Hfe *1€:€ ^^K> 3^1-5. °l^f-<H*l*r 

°1 ^, ^12 «i-°-l- ^ e}-o]o} ^^11- ^"71 ^12 ^ 2f Ol-g- f5}<^ & 

7>i, ofl* ^ ^"71 ^tH tflofl ^-o] ^-^Cf. 

<44> ^1 Ol-o--. ^ ^ 3^ ^H*^ afll *];-§-# ^-g- el-o], *fl2 

-§-# e}°J, ^ #°fl ^ ^ sl^-g- 7}i7f >8-7l ^Hl ifl^l ^ 

<45> *>-§--§- ^ 0 ^ H# ^-°-*Rf *112 <^7l #nfl 7 > 

sf^* -f-*H *#€ch °1 a fl > -8-71 afli t&-g-# eKlsi 5s]^i# ^isH #7l 

211 1 Sl-^-i: -f-*H 1-*^ 7}i, ofl.§. #^ ofe^-c] igwl vflofl ^o] 

<46> ZL^JI, ^71 ^12 ^-§-1" ^ ^ SE)^1 ^HH^r 2fll «J:-g-# ^ *Sl Sl^l 

#7]H>H<2j- P>^7>^1S. #7] *11l «>-§-# ^ ej-«a, *fl2 ^ ^ #nfl ^ 

^ 2^1 <*H ^ 7f^7> ^"71 tflofl ^g-^tf. 
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<47> £ 3 ifl^l £ ^ ° a ^S] 4^*1 tr ^Al^s-ofl tcfs. A} 5}-^- ^ wV^ofl 

&<H*1, ALD 1 Aj-ol^^ Z$$rS\^ A ^ #7fl°fl ^ «fl*l 

rq^^Chexachlorodisiloxane: Si 2 0Cl 6 )^§: A>-g-^>jL, z\)2 #-§-#5.^ h 2 0» A|~g-S}ji, 
5*1*1 7}^^ Ar-i: A]~g-^ 33-°^, z^-z| ^ £517} 105°C^1 

^-^-ofl ir} 3W?fl *r SZtf. at!", t 3 >fl^| E 6^1 ^Hl^H^ 

-£ 1^ #711 34 * #711 38 ofl #.§. «-av # ^ #7lHH ^-g-^ ^ Sl^ tf<8^ y J" 
^1"* 31^. ^, £ 33] afloflA^ 

## Ar-§- <M~g-*H ^*Kr ^ -f.S. 4^1 oHHtt #-§-1- ^2 aV-g- 

# tfsjjic}- ^^Ai Mfl7lAl7lfe ^4- , £ 521 Ar * nil 

7l» ^*Hr ^-f, ZLS]i 51 62] oHH^ yfl7] Ar AA ^ 

<48> 51 7£- ^cfl ^5r^ ^<>fM A]l #-§-#31*] ^a}^^ 

^^KKSi 2 0Cl 6 )* A f-g-s>ji Aj-71 *fl2 «hg-#3.>H h 2 0» aJ-§-*1 ALD ^2] l ^ 

3V A>ol^- ^o>o] Si02 nV ^ o_ <^ #-§- ^ o. 7 fl^ o. S ^a] JE^o]cf. 

<49> £ 7f ^S*>#, 7l^r S#ofl -OH #-§- A>olH7> ^fl^Kr Aj-Efl [Ijofl^ 51 12] 

#711 32°1H "o V ^-^S. ^oM 7l ^^ 0 H1 ^A^^^^^.Al ^ 2)^#^- ^s>#, 

71^21 -OH ^ Cl3f #-g-*} Cl } HCl-i- 0^ «!^#S.S.c1^s.av^ Si 4 

^"71 7l# S^l^ [in^Aifif £o) ^}t£ic]|^^ 3**Hr*l^(102)°l 
^^14. oj7H, HC1£ xi]e]#-B]-21 -s). aV-g-i- 7]^ ^tr4. 
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<50> #71 ^-^^-#(102)ol tg#^ ^^6\] cfl^>^ tiV-g- ^-AVl-i; ^l^^>7l S) 

*1 ^-1: ^, £ 1^ 36<^1 ^^th ^-2.5. #71 7l^Hl H 2 0 ^ 2}*^ 

* H 2 03 HS* #7] 5j-*j-*3j-* (102 )oj clol av-g-^ HCl^l ^sU, H 2 0^ 
^7l 102) ofl Si7> ^7l 7l^r S^l^r [III]°1H<4 £o] 2 

7fl^ Si0 2 ^fKl04)ol ^^^nf. ^7]^, HCl^ ^E^n]-^ ^s\- 
^tH=f. °l!r <3£- 5*1*1 ^-7fl# 71*1^1 ^lTl^cf. 
<51> £ 7 ofl^ ^i ti>-§-!-5L^ ^a^^cI^s-a]-^ A>-§-^ ^ o-o]] tfl«H w> 

^ ^1, n^-s. aj-^oflA^ #3.^ ^ ALD *34M S i 

*J-IR0; *r-8-^=r. *J^K> sftJ-l- Si 0^ 

* si-o-si ^°i #7fl5}£i, o_s. <a<H*ife- ^-sj-^-g- -f^^ ^■ 

ALD 1 ^ A>ol^ uj-cf 27fl^ Si0 2 ^r^o] <£o]x)e.3. ^ #7> 

*r ^4. 5&tb, ^j^^S^^^V 1 £-7} iflofl^ l7flo] Si ig- 37 flo] Si-Cl ^-g- 

7f^l4. nJ-sM, SiCl 4 « Si a>-§-^ ^efl 7l#a) ^ofl ui^c^ o-H 

^€ ^3^7> 5^ Si-Cl ^jilH.^ #iL)§- ifloflA^oj 0 _ H ^ 

<52> #71 W>^- ^ ^^1 ^jAj^lfo)] t§#5l #51- nV^ ^3 

*V£*11 dl7>Sl ^12: ^W*1 Cf^>7ll 3-§-€ ^ ^1» #5}-^ ti> 

7l^-#oii ?1]olH ^ i^oiAii- ^-#^ ^ 014. a*V, ^ 

h> £ ^ ^^VoflA-l ?1MH ^^-i: ^-#«" ^5. Slcf. cf^- ofljL^ #el^. # 
5}-^ #elAj-o] = s|- ^(blocking layer)* ^£ SE^V, #el^ #sf 
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2.3L*}7] ^ *r ^71 ^E}S Aj.5J.nV0] Alz> # 

A>-g-^ ^ olcf. ^ Aj-^ ^S}^, ti>£^l 71^^ 
Sl-ol £Al ^5}^ ^ ^l^>7l £^ 

ti oM*>7] #7l i^S] ^4 -^e)^. ^Sf^- AH^ -g. i^ofl fffS- w^ofl 

<53> ^. igV^ofl 4a aj-^ofl o^yo} *§>^ AJe]^ ^Vs|-^ -H^3 *h5=*H *fl2=0|| 

^^.*V ^ ^HH Cf^Tfl - Sa^ ( oflAltb ^-fofl £1 ^ 

<54> ^7><H1 1 

<55> -S- ^ofl rc^ y^ofl o^o} i§Aj<£ Aj-Jr}.^ JLA^o. ^-Ol^>7l ^*>°i 

1 1>-§-#3L*l «]^>#S5.^^s.a> (HCDS0) o. AV-g-^ji, ^12 «v-g-#s.^ H 2 01" Ay-g-^JL, 

<*7] ^S.*] AV-g-^-O}, S 1^ ^ ttJ-H}. 7l^Hl ^S]^ ^sK>-§- 

<56> 
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IS. 1] 





HCDSO 


H 2 0 


n|s|ci 


n^lS Ar 


HCDSO 


H 2 0 




105'C 


250sccm 


700sccm 


80sccrn 


400sccm 


22 


3.52 


22 



<57> rfl^-g- 0.5^ , Si iA^A^ ^A>^s.S.^^^(Si2Cl 6 : HCD)* Af-g-*]- ^-g- ^)<^} 

-H S 1<H1 *\s} ^ s^ol] ^2}-^ ^ 

<58> ^7}9\- 3i^o\) jx\?\ HCDS0S.^-E^ <g^^l -^E|-3- ^S)-^ HCD^^-E^ 

^Sj-sH tfl^H ZfZf #^(reflective index)!- ^4, HCDS^-Ei 

^ 1.5 - 1.513. a}^, t^^l nq-ej. HCDSOS^-Ei ^o^^l ^ 

S]€- -t>2j-^ 1.44 ~ 1.46AS. ^S)<H, 5)-*}-^^ ol Si0 2 W -f^-tr ^r$# H-E]- 

<59> ^ 7 >^1 2 

<eo> £ 8 £. ^ ^£1- 75°C3 ^1^1*1-^ 3. 1*1H<4 s-^^. ^ s^^s 

HCDS03.-^e| *Je^ aVsI-dv^ HCDS-f-E^ ^e)^- *VS^-g- ZfZf 

^- ^E|-s AVsj-nVofl t^o} <go^ FTIR (Fourier Transfer Infrared 

Spectrometer) ^ °1 £ s^Itt ^Hfl 7]#^ nq-ej- efl e E)-#s.s.^^(SiCl4: TCS) 

^.3-^-Ei <£o^ ^3.2. ^VsJ-^Hl rfl^V FTIR ^^Bjoj ^ u^uj- 014. 

<6i> £ 8<HH SJ-o]^- ^ 01^ a]-2f , HCDSOS-^-Ei A>^-m-oi]A^ H CD 

<£o^ ^VS}-^ Hj^H Si-OH ^ Si-H ^aL7> 71^ q-E]-i4^1 8£_o 
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v\, °]3.*tt HCDSOS^Ei ^^^l AVsj-^l^^ -OH ^ -H "g-^M nfl-f ^ ^ 

■§• 

<62> ^7><^1 3 

< 63 > 51 9tt -g- ^8<sl MJ-fH nj-sl- Si iii^ HCDS01- ^>-g-*>^ ALD ^IHI 2)*}^ 

^el# ^ o. (A) ^sfl 71 #21 <a bflofl 14 si TCS# ^-§-*> 

^ ALD «o v ^°ll ^1^ ^sl€- -M-^* ^-f(H), ^ ^Hfl 71^21 cf=. 

Si HCD« ^~g-*>o| ^51^ *g^tb ^^1 av^. 

°1- ^2}- i£f x^°Ji£ ^ £:5L°]}^ tilstb q-E}^ neflHolcf. 

<64> 5E. 9<^H, wv^o^ aj-^ofl 451- HCDS0* Si A>-g-t!: ^^-(A)oll^ ^-g-^ 

^ -&i£°lH TCS JEE^r HCD1- A>-g-*V ^-M «1*H ^3- 4-^7} ^*1 

HCDS01- AV-g-^-o.^ ALD ^^l 1 ^ a\o)^ ^4 2 7fl2l Si0 2 ^#°1 3>S3<H ^ 

<65> ^- ^ofl 4a Aj^s a>5|.^- ^ ^ofl^ ALD Si0 2 ^# 

*}t=: Hi 9X°]^\ Si Si ^l^l-l- 27fl o]av ^-fj-s}^ oj-g- 

th=h l^^l <4€- y o V ^°fl ^^^1 ^el-E- ^-sK^ -^^Kb ifl°fl €-711 

Si-O-Si^l 7^ Tj^-^ofl o]^H nT- -iL^-g. ^^-^Dl, nV vflofl ^ °] 

^■fl-^* ^s)-^ Sl^. SE*V, ALD 1 ^a}- a>o]s. ^ 27fl cq Si Q 2 t^f^l 
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1] 

(a) ^£-$\ -NC071 S. s^#5. <>l-?-°l*lfe ^ aV-g-^-^ 
7l^ofl afll «R-i-Sl a^^a^ (chemisorbed layer)* ^*Hr #31 

(b) 0 ^ HI- 312 #71 sKKg.^ <#6\) #71 s)-^ 
^H§^ #71 ^|2 SK 1 " ^-§-^171^ ^7111- 5E^Hr ^^IS. srfe ^Js^ 

2] 

^11^1 SJt<>H, 

#71 afll ^r-g-l-^r Si n 0 n -iX 2n+ 2 n^8r 2 ~ 531 3^r°l:a, X xr F, CI, Br, I, 

3^ NC0)S S^lSl^ *>M-^ MS Ol^O^^l^ ^^<L3. ^V5|- 

31 

#7] ^11 «V-g-l-£: ^S.^ jj\±. -NCOS ^^Kli^S o] =-0|^^ 7$^r 

^ AS. ^el^- ^ yj-^ 

[^T 1 * 4] 

^13%H1 SU^i, 
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AM Si 2 OCl 6 , Si 2 0Br 6 SE^ Si 2 0(NC0) e S. ^ 

^1%H1 fl°H, 

-*M ^12 «>-§-#^r H 2 0 SL^ H 2 0 2 ^ o^o^fe. ^ *>£r ^Sj-BV 

[3^* 6] 

7] 
8] 

^7l #7fl (a) ^ #7jl (b)^r zj-zj- 25 ~ 500 M ^s^Hl ^ sgsfl*]^ ^ 
9] 
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^•71 #7fl (a) ^ #31 (b)fe AA 0.1 - lOOtorr^ ^shm 3)*fl*l^- ^ ^ 
^<L3. *V^A H c v ^ . 

10] 

A oM #31 (a) § #31 (bHH AA ^ all 2 #-g-#°l ^sJtt 

^ A oM 7l^ofl 1-%^ 7}^7> f-^ll ^-^-s]^ ^-a- ^ ^ ^e|^ ^VsJ-^ *g 

11] 

^-71 Sj-^SHM <§^^ Sf- %7\ A\ #-g-#^ «>-§- all 71^ #7)1^, 

*1)7l*Rr #31» 3 if-<5Rr 3* ^HJilS ^ ^A ^ . 

[3^8- 12] 

all 11^ SU^H, 

#7l «V-§- Jf## all 71 #3l^r 7}i f A>-g-^ T^j-g. ^^TlM-, ^y] ^ 

^-§-# 3? all2 ^Al^ o^jm ^g. ^^H^o] yfl7l# ^^TlM-, ^>7l 31 

A * ^"71 Ufl7l* ^S>7lM-, ^"71 tifl7l ^ #71 ^S>^ «<H4°-S. ^1^^ 
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[37* 13] 

^7) *fll ^r-S-#* ^-71 7l^Hl ^*>7] *H ^-7] 25 ~ 500 M 

14] 

^"71 #31 ( a ) * #31 (b)# 4^ *1 ^ Si0 2 ^* ^*Rr # 

31« cl X^*Kr 3* ^8-2.3. *Kr ^e)€- -y-sj-BV « c v^. 
[37* 151 

*l|i4*°fl 

^"71 Si0 2 ^-8: ol^aRr #311- 3 S**|-fe 3* ^SJLS ^ *Je)€- 

[37* 16] 

*f)15*4) 9X*\*\, 

^ S>^r ^e)^- AV33rj.nl- tg^ H C V^. 

[37* 17] 

3U5*°fl 91°]*], 

^7) o^^^* N 2 , 0 2 , H 2> Ar, N 2 s+ 0 2 3 2:*, 3^ NH 3 7>i ^-^H^ 

500 - 900 M 1 *i3*Rr 3* ^SilsL afrfe AlsKi- ^ wj-wj. 
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[^T 1 * 18] 

#7l 200 ~ 700 M ^r£oflA^ 0 2 H 2 71-^1- oj^-s}^ S.^ 

^*Rr Jf-3|o.S *Rr #2r^ H o V ^ . 

19] 

*fll5%Hl SU^H, . 

$r #2K V «o V ^. 

20] 

(b) Si n 0n-lX 2 n+2 (^^. 2 - 5^ ^^t^jl, X^r F, CI, Br, I, £Ett NCC05. 

#7l *fli «H-§-cq s^^zj-f,*. ^TjlSj-, 

(c) #71 ^ #71 *U tiV-g-^-o^ ^.o. «.AV # o. 

(d) 0 ^Hf ^-fr^ ^12 «H~i-g: ^nflsq. ^1 # 7 | ^<Hl ^ 

#7l yl^Mi siC^* *§#*Rr ^r^a]-, 

(e) #71 Si0 2 ^ V #^ ^##* ^T^Kr ^7fl# i^-SRr ^J°5L *}^r 
21] 

^120*^1 $X°]*}, 
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#31 (a) tfl^l #31 (e)# 3 #4*H ^ n^l^l ^&|^ ^evo. *g 

^Kr #3l# XWfe ^ ^Bl# «o Vl ^. 
22] 

3l20*cMl &<>H, 

#31 ( a ) #31 (b) *H1 <$7] 7}&^r 25 ~ 500°C^1 ^£5. ^ll^Rr #31 

[^T 1 * 23] 

*fl20%Ml 5i<H^, 

#71 afll #-§-^ Si 2 0Cl 6 , Si 2 0Br 6 £^ Si 2 0(NC0) 6 JL <=>l^^^^r 3# 
24] 

^120%H1 5^*1, 

A oM ^12 #-§-#^ H 2 0 SE^r H 2 0 2 S. ^lM^m ^-§- ^H)iL5. ^ 
25] 

*fl20%Ml S^i, 

A cM #31 (b) ^ #31 (d)^ ^ 25 - 500 M ££.SHM ^Sfl^l^ ^ 

[^^* 26] 

^120^1 5fl°H, 
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^71 #711 (b) £ (d)fe zj-z* 0.1 - lOOtorr^ «g-^*HH ^«fl^l^ ^-i: ^ 

[3^8" 27] 

^120^1- sa«H^. 

#7] ^711 (b) ^ #7ll (dHH ^ #7] *fll <£-§-# £ ^12 aV-§-#o) ^-5^ 
28] 

^7l ^-Tj] (c) ^ (e)^r ^l-ZV 7>i# A}-g-T5Kr 3)^11- 

*fli ^-§"i: ^ *112 ^ <y-^^Hl^i^ «ll7li- ^t^, # 

29] 

*fl20%Hl 

(f) ^-71 Si0 2 ^8r °l^*Rr #7fll- n-1 S^>^ 53 -g- # 

^ 3^ tt o V ^. 

30] 
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